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1
BUTTRESS FILM WITH HEMOSTATIC
ACTION FOR SURGICAL STAPLING
APPARATUS

BACKGROUND

1. Technical Field

The present disclosure relates to surgical buttresses which
can be releasably attached to a surgical stapling apparatus,
and in particular, to surgical buttresses containing a hemo-
static agent that is activated upon firing of the surgical sta-
pling apparatus.

2. Background of Related Art

Surgical stapling instruments are employed by surgeons to
sequentially or simultaneously apply one or more rows of
fasteners, e.g., staples or two-part fasteners, to body tissue for
the purpose of joining segments of body tissue together. Such
devices generally include a pair of jaws or finger-like struc-
tures between which the body tissue to be joined is placed.
When the stapling device is actuated, or “fired”, longitudi-
nally moving firing bars contact staple drive members in one
of the jaws. The staple drive members push the surgical
staples through the body tissue and into an anvil in the oppo-
site jaw which forms the staples. Iftissue is to be removed or
separated, a knife blade can be provided in the jaws of the
device to cut the tissue between the lines of staples.

When stapling certain tissue, such as lung, esophageal,
intestinal, duodenal, and vascular tissues, or relatively thin or
fragile tissues, it is important to eftectively seal the staple line
against air or fluid leakage. Preventing or reducing air or fluid
leakage can significantly decrease post operative recovery
time. Additionally, it is often necessary to reinforce the staple
line against the tissue to prevent tears in the tissue or pulling
of the staples through the tissue. One method of preventing
tears or pull throughs involves the placement of a biocompat-
ible fabric reinforcing material, or “buttress” material,
between the staple and the underlying tissue.

Some buttress materials utilize hemostatic agents to reduce
blood leakage. However, in some instances, it would be desir-
ableto provide a buttress material with a protected hemostatic
agent that is released upon actuation of the stapler thereby
ensuring that the hemostatic agent is directed and targeted to
discharge at the surgical wound site thereby enhancing seal-
ing thereat.

SUMMARY

According to an aspect of the present disclosure, a surgical
stapling apparatus includes a jaw assembly including a pair of
jaw members, and a surgical buttress positioned adjacent a
tissue contacting surface of at least one of the pair of jaw
members. The surgical buttress includes a hemostatic agent
and is configured to release the hemostatic agent therefrom
upon actuation of the surgical stapling apparatus to approxi-
mate the pair of jaw members and exert a pressure on the
surgical buttress.

In embodiments, the surgical buttress includes a plurality
of' microbeads. Each microbead has a polymeric casing defin-
ing a core containing the hemostatic agent therewithin. The
polymeric casing may be fabricated from a bioabsorbable
material. In embodiments, the microbeads are about 0.01 mm
to about 3.0 mm in diameter. In some embodiments, the
microbeads are less than about 1.0 mm in diameter. The
microbeads may be configured in a variety of shapes, such as
spherical, ellipsoid, elongated ellipsoid, capsule, and combi-
nations thereof.
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The hemostatic agent may be disposed within the surgical
buttress in a non-solid state. In embodiments, the hemostatic
agent is freely admixed with a polymer forming the surgical
buttress. In some embodiments, the hemostatic agent is teth-
ered to a polymer forming the surgical buttress. In other
embodiments, the hemostatic agent is disposed within reser-
voirs formed within the surgical buttress.

The surgical buttress may further include a sealant and be
configured to release the sealant upon actuation of the surgi-
cal stapling apparatus to approximate the pair of jaw members
and exert a pressure on the surgical buttress.

The surgical buttress may further include a bioactive agent
and be configured to release the bioactive agent upon actua-
tion of the surgical stapling apparatus to approximate the pair
of jaw members and exert a pressure on the surgical buttress.

The surgical buttress may be layered. In embodiments, the
surgical buttress may include a first layer containing the
hemostatic agent and a second layer of non-porous material
positioned adjacent to the first layer. In some embodiments,
the surgical buttress may also include a third layer porous or
non-porous material positioned adjacent to the first layer.

According to another aspect of the present disclosure, a
surgical stapling apparatus includes a jaw assembly, a trigger,
and a surgical buttress. The jaw assembly includes a staple
forming anvil jaw member and a staple cartridge jaw member.
The trigger actuates the jaw assembly between an open posi-
tion where the anvil jaw member and the staple cartridge jaw
member are spaced apart from one another and a closed
position where the anvil jaw member and the staple cartridge
jaw member are substantially adjacent to one another, and
applies at least one row of staples to tissue when the jaw
assembly is in the closed position. The surgical buttress is
positioned adjacent a tissue contacting surface of at least one
of'the anvil jaw assembly or the staple cartridge jaw assembly.
The surgical buttress contains a hemostatic agent and is con-
figured to release the hemostatic agent subsequent to actua-
tion of the trigger and approximation of the jaw assembly to
the closed position.

In embodiments, when the jaw assembly is disposed in the
closed position, about 10% to about 95% of the hemostatic
agent is released. In some embodiments, about 70% to about
90% of the hemostatic agent is release. The hemostatic agent
may be released in response to a compressive force of the jaw
assembly against tissue positioned between the anvil jaw
member and the staple cartridge jaw member. The hemostatic
agent may be release upon passage of a staple from a staple
cartridge loaded in the staple cartridge jaw member through
the surgical buttress.

According to yet another aspect of the present disclosure, a
staple cartridge includes a staple cartridge containing a plu-
rality of staples for use in a surgical stapling apparatus, and a
surgical buttress disposed on a tissue contacting surface of the
staple cartridge and releasably affixed to the staple cartridge.
The surgical buttress includes a layer of polymeric material
including a hemostatic agent and is configured to release the
hemostatic agent therefrom upon application of pressure
thereto.

In embodiments, the surgical buttress includes a plurality
of' microbeads. Each microbead has a polymeric casing defin-
ing a core containing the hemostatic agent therewithin. In
embodiments, the microbeads are disposed within the layer of
polymeric material. In some embodiments, the microbeads
are disposed on a surface of the layer of polymeric material.
The surgical buttress may include a second layer of polymeric
material adjacent the layer of polymeric material including
the hemostatic agent.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the presently disclosed surgical stapling
apparatus and surgical buttress are described herein with ref-
erence to the accompanying drawings, wherein:

FIG. 1 is a perspective view of an illustrative embodiment
of a surgical stapling apparatus including a surgical buttress
in accordance with an embodiment of the present disclosure;

FIG. 2 is a perspective view, with parts separated, of a
staple cartridge of the surgical stapling apparatus and of the
surgical buttress of FIG. 1;

FIGS. 3A-3D schematically illustrate microbeads for use
and incorporation in the surgical buttress of FIGS. 1 and 2, in
accordance with embodiments of the present disclosure;

FIG. 4 is a perspective view of a distal end of the surgical
stapling apparatus of FIG. 1, shown in use positioned about a
tissue section;

FIG. 5 is across-sectional view taken along line 5-5 of FI1G.
4;

FIG. 6 illustrates a theoretical hemostatic agent release
curve from a surgical buttress of the present disclosure during
a stapling process;

FIG. 7A is a perspective view of a stapled and divided
tissue section;

FIG. 7B is an enlarged plan view of the stapled surgical
buttress on a tissue section of FIG. 7A;

FIG. 8 is a schematic perspective view, with parts sepa-
rated, of a multilayered surgical buttress in accordance with
an embodiment of the present disclosure;

FIG. 9 is a cross-sectional view of the multilayered surgical
buttress of FIG. 8 loaded into a surgical stapling apparatus;

FIG. 10 is a cross-sectional view of a multilayered surgical
buttress in accordance with another embodiment of the
present disclosure loaded into a surgical stapling apparatus;
and

FIG. 11 is a cross-sectional view of the stapled tissue of
FIG. 10.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various exemplary embodiments of the present disclosure
are discussed herein below in terms of buttresses for use with
surgical staplers. The buttresses described herein may be used
in sealing a wound by approximating the edges of wound
tissue between a staple cartridge and an anvil of a stapling
apparatus which contains at least one buttress including a
hemostatic agent protected within the buttress material. Fir-
ing of the stapling apparatus forces the legs of at least one
staple to pass through the opening on the staple cartridge, the
at least one buttress, tissue, and the openings on the anvil to
seal the tissue. The compressive force of the anvil against the
staple cartridge and/or the openings created by the passage of
the staple legs through the buttress may cause the hemostatic
agent to be released into the tissue advantageously reducing
bleeding, assisting in sealing the wound, and allowing tissue
ingrowth, if desired. Thus, the present disclosure describes
surgical buttresses, and methods and mechanisms for using
the same, for the targeted delivery of active or passive hemo-
static agents to a specific surgical site.

While the surgical buttresses are discussed in conjunction
with surgical stapling apparatus, it is envisioned that the
principles of the present disclosure are equally applicable to a
range of buttressing materials and film-based medical devices
that are used to mechanically support tissues, reinforce tis-
sues along staple or suture lines, and decrease the incidence of
fluid leakage and bleeding of tissue.
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Embodiments of the presently disclosed surgical buttress
and surgical stapling apparatus will now be described in detail
with reference to the drawing figures wherein like reference
numerals identify similar or identical elements. In the follow-
ing discussion, the terms “proximal” and “trailing” may be
employed interchangeably, and should be understood as
referring to the portion of a structure that is closer to a clini-
cian during proper use. The terms “distal” and “leading” may
also be employed interchangeably, and should be understood
as referring to the portion of a structure that is further from the
clinician during proper use. As used herein, the term “patient”
should be understood as referring to a human subject or other
animal, and the term “clinician” should be understood as
referring to a doctor, nurse or other care provider and may
include support personnel.

Referring now to FIGS. 1 and 2, there is disclosed an
exemplary surgical stapling apparatus or surgical stapler 10
for use in stapling tissue and applying a buttress material or
surgical buttress to the tissue. It should be understood that
surgical stapling apparatus having linear stapler configura-
tions may be utilized, such as, for example those including
Duet TRS™ reloads and staplers with Tri-Staple™ technol-
ogy, available through Covidien, which maintain a principal
place of business at 555 Long Wharf Drive, North Haven,
Conn. 06511. It should also be appreciated that the principles
of the present disclosure are equally applicable to surgical
staplers having alternate configurations, such as, for example,
end-to-end anastomosis staplers having a circular cartridge
and anvil (see, e.g., commonly owned U.S. Pat. No. 5,915,
616, entitled “Surgical Fastener Applying Apparatus,” the
entire content of which is incorporated herein by this refer-
ence) and laparoscopic staplers (see, e.g., commonly owned
U.S. Pat. Nos. 6,330,965 and 6,241,139, each entitled “Sur-
gical Stapling Apparatus,” the entire contents of each of
which being incorporated herein by this reference).

Surgical stapling apparatus 10 generally includes a handle
12 having an elongate tubular member 14 extending distally
from handle 12. A jaw assembly 16 is mounted on a distal end
18 of elongate tubular member 14. Jaw assembly 16 includes
a staple clinching anvil jaw member 20 and a receiving jaw
member 22 configured to receive a staple cartridge 32 (see
FIG. 2). Jaw assembly 16 may be permanently affixed to
elongate tubular member 14 or may be detachable and thus
replaceable with a new jaw assembly 16. Staple clinching
anvil jaw member 20 is movably mounted on distal end 18 of
jaw assembly 16 and is movable between an open position
spaced apart from staple cartridge jaw member 22 to a closed
position substantially adjacent staple cartridge jaw member
22.

Surgical stapling apparatus 10 further includes a trigger 33,
as seen in FIG. 1, movably mounted on handle 12. Actuation
of trigger 33 initially operates to move anvil jaw member 20
from the open to the closed position relative to staple car-
tridge jaw member 22 and subsequently actuate surgical sta-
pling apparatus 10 to apply lines of staples to tissue. In order
to properly orient jaw assembly 16 relative to the tissue to be
stapled, surgical stapling apparatus 10 is additionally pro-
vided with a rotation knob 34 mounted on handle 12. Rotation
of rotation knob 34 relative to handle 12 rotates clongate
tubular member 14 and jaw assembly 16 relative to handle 12
s0 as to properly orient jaw assembly 16 relative to the tissue
to be stapled.

A driver 36, as seen in FIGS. 4 and 5, is provided to move
anvil jaw member 20 between the open and closed positions
relative to staple cartridge jaw member 22. Driver 36 moves
between a longitudinal slot 38 (FIG. 1) formed in anvil jaw
member 20. A knife blade (not shown) is associated with
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driver 36 to cut tissue captured between anvil jaw member 20
and staple cartridge jaw member 22 as driver 36 passes
through slot 38.

Reference may be made to commonly owned U.S. Pat. No.
5,915,616, entitled “Surgical Fastener Applying Apparatus,”
and commonly owned U.S. Pat. Nos. 6,330,965 and 6,241,
139, each entitled “Surgical Stapling Apparatus,” the entire
contents of each of which being incorporated herein by this
reference, for a detailed discussion of the construction and
operation of surgical stapling apparatus 10.

Staple clinching anvil jaw member 20 and/or staple car-
tridge jaw member 22 may be provided with a surgical but-
tress 24. It should be understood that a surgical buttress may
be associated with the staple cartridge jaw member 22, the
anvil jaw member 20, and/or the staple cartridge 32. Surgical
buttress 24 is provided to reinforce and seal staple lines
applied to tissue by surgical stapling apparatus 10. Surgical
buttress 24 may be configured into any shape, size or dimen-
sion suitable to fit any surgical stapling, fastening or firing
apparatus.

As illustrated in the current embodiment and shown in FIG.
2, abuttress retention system 26 is incorporated into the staple
cartridge 32 to releasably secure the surgical buttress 24 to the
staple cartridge 32. It is envisioned that buttress retention
system 26 may additionally or alternatively be incorporated
into anvil jaw member 20 such that a surgical buttress 24 may
be releasably secured to anvil jaw member 20.

Buttress retention system 26 is configured to allow the
surgical buttress 24 to be localized on an inwardly facing
surface 23 of staple cartridge 32 in order to facilitate passage
of surgical stapling apparatus 10 into the body of a patient
without risk of tearing or wrinkling of the surgical buttress 24
as surgical stapling apparatus 10 is inserted into and manipu-
lated within the body of a patient. As illustrated, buttress
retention system 26 includes at least one pin 28 located on the
staple cartridge 32 that is designed to releasably attach sur-
gical buttress 24 to staple cartridge 32 via at least one hole 24a
formed in the surgical buttress 24 that is shaped and designed
to frictionally fit onto the pin 28. It is envisioned that the
surgical buttress 24 may be releasably attached to the staple
cartridge 32 and/or the anvil jaw member 20 in any manner
capable of retaining the surgical buttress 24 in contact with
the staple cartridge 32 and/or the anvil jaw member 20 prior to
and during the stapling process, while allowing the surgical
buttress 24 to be removed or released from the staple cartridge
34 and/or the anvil jaw member 20 following the penetration
of' the surgical buttress 24 by a surgical staple 50 (see FIG. 5)
or other fastening device. For example, the surgical buttress
24 may be attached to the staple cartridge 32 and/or the anvil
jaw member 20 by mechanical and/or chemical means within
the purview of' those skilled in the art, including, for example,
adhesives, sealants, glues, pins, tacks, tabs, clamps, channels,
straps, protrusions, and combinations thereof.

Surgical buttress 24 is fabricated from a layer of biocom-
patible material which is a bioabsorbable or non-absorbable,
natural or synthetic material. It should of course be under-
stood that any combination of natural, synthetic, bioabsorb-
able, and non-bioabsorbable materials may be used to form
the surgical buttress.

The surgical buttress 24 may be porous, non-porous, or
combinations thereof. It is also envisioned that surgical but-
tress 24 described herein may contain a plurality of layers in
which any combination of non-porous and porous layers may
be configured as discussed further below. For example, sur-
gical buttress may be aimed to include multiple non-porous
layers and porous layers that are stacked in an alternating
manner. In another example, surgical buttress may be formed
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in a “sandwich-like” manner wherein the outer layers of the
surgical buttress include porous layers and the inner layers are
non-porous layers. It is further envisioned that non-porous
and porous layers may be positioned in any order relative to
the tissue contacting surfaces of staple cartridge jaw member
and anvil jaw member. Examples of multilayered surgical
buttresses are disclosed in U.S. Patent Application Publica-
tion No. 2009/0001122 filed Jun. 27, 2007, entitled “Buttress
and Surgical Stapling Apparatus,” the entire disclosure of
which is incorporated by reference herein.

Some non-limiting examples of materials from which non-
porous and/or porous layers of surgical buttress 24 may be
made include but are not limited to poly(lactic acid), poly
(glycolic acid), poly(hydroxybutyrate), poly(phosphazine),
polyesters, polyethylene glycols, polyethylene oxides, poly-
acrylamides, polyhydroxyethylmethylacrylate, polyvi-
nylpyrrolidone, polyvinyl alcohols, polyacrylic acid, polyac-
etate, polycaprolactone, polypropylene, aliphatic polyesters,
glycerols, poly(amino acids), copoly(ether-esters), polyalky-
lene oxalates, polyamides, poly(iminocarbonates), polyalky-
lene oxalates, polyoxaesters, polyorthoesters, polyphosp-
hazenes and copolymers, block copolymers, homopolymers,
blends and combinations thereof.

In embodiments, natural biological polymers are used in
forming a non-porous layer of the surgical buttress. Suitable
natural biological polymers include, but are not limited to,
collagen, gelatin, fibrin, fibrinogen, elastin, keratin, albumin,
hydroxyethyl cellulose, cellulose, oxidized cellulose,
hydroxypropyl cellulose, carboxyethyl cellulose, carboxym-
ethyl cellulose, chitan, chitosan, and combinations thereof. In
addition, the natural biological polymers may be combined
with any of the other polymeric materials described herein to
produce a non-porous layer of the surgical buttress.

In embodiments, collagen of human and/or animal origin,
e.g., type I porcine or bovine collagen, type  human collagen
ortype Il human collagen, may be used to form a non-porous
layer of the surgical buttress. In embodiments, a non-porous
layer of the surgical buttress according to the present disclo-
sure is made of collagen which is oxidized or a mixture in any
proportions of non-oxidized and oxidized collagens.

The use of non-porous layer(s) in the surgical buttress may
enhance the ability of the surgical buttress to resist tears and
perforations during the manufacturing, shipping, handling
and stapling processes. Also, the use of a non-porous layer in
the surgical buttress may also retard or prevent tissue
ingrowth from surrounding tissues thereby acting as an adhe-
sion barrier and preventing the formation of unwanted scar
tissue. Thus, in embodiments, the non-porous layer(s) of the
surgical buttress may possess anti-adhesion properties.

A non-porous layer of the surgical buttress may be formed
using techniques within the purview of those skilled in the art,
such as casting, molding and the like.

Any of the porous layers of the surgical buttress may have
openings or pores over at least a portion of a surface thereof.
As described in more detail below, suitable materials for
forming a porous layer include, but are not limited to fibrous
structures (e.g., knitted structures, woven structures, non-
woven structures, etc.) and/or foams (e.g., open or closed cell
foams). In embodiments, the pores may be in sufficient num-
ber and size so as to interconnect across the entire thickness of
the porous layer. Woven fabrics, knitted fabrics and open cell
foam are illustrative examples of structures in which the pores
can be in sufficient number and size so as to interconnect
across the entire thickness of the porous layer. In embodi-
ments, the pores may not interconnect across the entire thick-
ness of the porous layer, but rather may be present at a portion
thereof. Thus, in some embodiments, pores may be located on
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aportion of the porous layer, with other portions of the porous
layer having a non-porous texture. Those skilled in the art
reading the present disclosure will envision a variety of pore
distribution patterns and configurations for the porous layer.
Closed cell foam or fused non-woven materials are illustra-
tive examples of structures in which the pores may not inter-
connect across the entire thickness of the porous layer.

Where a porous layer of the surgical buttress is fibrous, the
fibers may be filaments or threads suitable for knitting or
weaving or may be staple fibers, such as those frequently used
for preparing non-woven materials. Suitable techniques for
making fibrous structures are within the purview of those
skilled in the art.

Where a porous layer of the surgical buttress is a foam, the
porous layer may be formed using any method suitable to
forming a foam or sponge including, but not limited to the
lyophilization or freeze-drying of a composition. Suitable
techniques for making foams are within the purview of those
skilled in the art.

The origin and types of collagens that may be used to form
the porous layer are the same as those indicated above for the
non-porous layer. However, the oxidized or non-oxidized
collagen may be lyophilized, freeze-dried, or emulsified in
the presence of a volume of air to create a foam and then
freeze-dried, to form a porous compress.

Inembodiments, a porous layer of the surgical buttress may
be made from denatured collagen or collagen which has at
least partially lost its helical structure through heating or any
other method. The term “denatured collagen™ means collagen
which has lost its helical structure. The collagen used for the
porous layer as described herein may be native collagen or
atellocollagen. The collagen may have been previously
chemically modified by oxidation, methylation, succinyla-
tion, ethylation or any other known process.

The porous layer(s) may enhance the ability of the surgical
buttress to absorb fluid, reduce bleeding, and seal the wound.
Also, the porous layer(s) may allow for tissue ingrowth to fix
the surgical buttress in place.

In accordance with the present disclosure, as seen in FIGS.
2-3D, microbeads 40 are incorporate into and/or onto at least
a portion of surgical buttress 24 in a systematic or random
distribution pattern. As illustrated in FIG. 3A, in an embodi-
ment, each microbead 40 includes a casing 44 made from a
polymeric material and which defines a core 42. It is contem-
plated that core 42 of microbeads 40 may contain a quantity of
a hemostatic agent 46 therein. In embodiments, microbeads
40 are disposed on at least a portion of the inwardly facing or
tissue facing surface 245 of surgical buttress 24 in order to
ensure contact of the microbeads 40 with tissue. Examples of
other suitable hemostatic agent filled materials include, for
example, microspheres, liposomes, pellets, capsules, and the
like.

The polymeric casing 44 may be formed from bioabsorb-
able materials, such as those described above. The bioabsorp-
tion profile, stress response profile, or degree of elasticity of
the polymeric casing 44 may be controlled by polymer selec-
tion and casing construction. One of ordinary skill in the art
will appreciate that the behavior of the polymer or copolymer
forming the polymeric casing 44 depends on several factors,
such as the chemical composition, the molecular weight of
the polymer, and the degree of crystallinity. The degradation
or bioabsorption kinetics and in vivo mechanical perfor-
mance of the polymeric casing 44 may also be controlled by
tailoring the size, wall thickness, surface topography, and
diameter of the polymeric casing 44.

The microbeads 40 may be formed in a variety of sizes and
shapes. In embodiments, microbeads 40 may be formed to
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have an overall diameter of between about 0.01 mm and about
3.0 mm, in embodiments, less than about 1.0 mm. In embodi-
ments, microbeads 40 may be spherical, ellipsoid, elongated
ellipsoid, and capsule shaped as illustrated in FIGS. 3A-3D,
respectively. Thus, the composition of the polymeric casing
44 as well as the physical diameter, shape, and wall thickness
of the polymeric casing 44 may be tailored to achieve the
desired release profile of hemostatic agent 46 disposed
therein.

As mentioned above, polymeric casing 44 of each micro-
bead 40 is filled with hemostatic agent 46. In embodiments,
the hemostatic agent 46 may be maintained in a fluid, hydro-
gel (in a flowable or non-state state), or solid (e.g., powder)
state. Hemostatic agents include both natural and synthetic
hemostats, and combinations thereof which may accelerate
the process of blood clotting and provide a strong seal.
Examples of natural hemostats include fibrin-based, throm-
bin-based, collagen-based, oxidized regenerated cellulose-
based and gelatin-based natural hemostats, as well as alumi-
num alum (i.e., ammonium alum or aluminum ammonium
sulfate). Hemostats herein also include astringents, e.g., alu-
minum sulfate, and coagulants.

Microbeads 40 may be incorporated into, or onto, a surface
of the surgical buttress 24, or portion thereof, in a variety of
ways. For example, the microbeads 40 may be applied via
polymer coating, dry coating, freeze drying, blending, mix-
ing, emulsifying, suspending, layering, partitioning, melt
pressing, compressing, extruding, molding, impregnating,
compounding, binding (e.g., ionic, covalent, or affinity bind-
ing), combinations thereof, and the like.

In embodiments, a coating may be applied utilizing any
suitable coating method within the purview of those skilled in
the art such as by spraying, dipping, vapor deposition, dust-
ing, powder coating, rolling, brushing, immersion/wiping,
melting, casting, electrostatic coating, electrospraying, ultra-
sonic spraying, combinations thereof, and the like.

Inembodiments, the microbeads 40 may be freely admixed
with the polymeric material forming the surgical buttress 24
or may be tethered to the surgical buttress 24 through any
suitable chemical bonds. Admixed is understood to mean
adding of the microbeads to the polymer for the surgical
buttress and extruding the polymer and the microbeads
together so that the microbeads are interspersed throughout
the surgical buttress as the surgical buttress is manufactured.
Tethered is understood to mean at least one of two things.
First, tethered can mean that the surface of the microbeads
can be treated so that the microbeads react favorably with the
polymer for the surgical buttress to promote either adhesion
or chemical reaction therebetween. Second, tethered can
mean that an additive is added to the polymer of the surgical
buttress that acts to grab (i.e., like a leash) the microbeads and
keep the microbeads from being removed. In other embodi-
ments, microbeads 40 may be embedded within the poly-
meric material forming the surgical buttress 24 and cured
after embedding. In yet other embodiments, the microbeads
40 may be coated on a lyophilized foam.

Inuse, as illustrated in FIG. 4, the anvil jaw member 20 and
the staple cartridge jaw member 22 including a staple car-
tridge 32, which has been loaded with a surgical buttress 24,
are positioned on either side of the surgical site where adja-
cent layers of tissue “T” are to be fastened to one another. In
accordance with the present disclosure, the construction of
the microbeads 40 in surgical buttress 24 is such that micro-
beads 40 will resist rupturing until the surgical stapling appa-
ratus 10 is fired and local force is applied to the microbeads
40. In embodiments, however, the microbeads 40 may be
constructed to selectively rupture during insertion of the sur-
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gical stapling apparatus 10 through a trocar (not shown) dur-
ing placement of the jaw assembly 16 at the surgical site
and/or during grasping and manipulation of tissue “T” by a
clinician.

As best shown in FIG. 5, staple cartridge 32 includes
staples 50 positioned within individual staple pockets 52.
Staples 50 are of a conventional type and include a backspan
54 having a pair of legs 56 and 58 extending from backspan
54. Legs 56 and 58 terminate in tissue penetrating tips 60 and
62, respectively. Pushers 64 are located within staple pockets
52 and are positioned between staples 50 and the path of a
drive bar 66.

Surgical stapling apparatus 10 is initially actuated by
movement of trigger 33 relative to handle 12 (FIG. 1) causing
driver 36 to move in the direction of arrow “A” (FIG. 4), and
against sloped edge 21 of anvil jaw member 20 thereby caus-
ing anvil jaw member 20 to be moved to the closed position
relative to staple cartridge jaw member 22. As anvil jaw
member 20 closes against staple cartridge jaw member 22, all
or a portion of microbeads 40 rupture upon application of
pressure thereto by the approximation of anvil jaw member
20 and staple cartridge jaw member 22. Accordingly, upon
meeting a threshold pressure, microbeads 40 will rupture,
break, split, fail, be crushed or otherwise open to release
hemostatic agent 46. In embodiments, microbeads 40 may be
mechanically similar such that the microbeads 40 have sub-
stantially the same rupture response. In other embodiments, a
distribution of microbeads 40 having different mechanical
characteristics (e.g., larger/smaller microbeads, thinner/
thicker polymeric casings, etc.) may be incorporated into the
surgical buttress 24 to provide a varied rupture response.

As drive bar 66 advances distally within staple cartridge
32, drive bar 66 urges pushers 64 upwardly against backspan
54 of staples 50 driving legs 56 and 58 of staples 50 through
surgical buttress 24, tissue “T”, and towards staple forming
pockets 68 in anvil jaw member 20. Tissue penetrating tips 60
and 62 of staple legs 56 and 58 are bent within staple forming
pockets 68 in anvil jaw member 20 with backspan 54 securing
surgical buttress 24 against tissue ““I”’. When the pressure
exerted between anvil jaw member 20 and staple cartridge
jaw member 22 during the stapling procedure meets or
exceeds the force or pressure required to rupture the micro-
beads 40, the microbeads 40 rupture to release the hemostatic
agent 46 therefrom, directly at the staple line, as illustrated in
the theoretical hemostatic agent release curve provided in
FIG. 6.

In embodiments, the percentage of microbeads 40 that
rupture during staple firing may be between about 10% to
about 95%, in embodiments, from about 70% to about 90%.
The polymeric casing 44 of the remaining intact microbeads
40 will degrade and/or dissolve with time and release hemo-
static agent 46 without adverse side effect. Thus, in embodi-
ments, the stapling process may provide an initial burst
release of hemostatic agent by rupturing a portion of the
microbeads during actuation of the surgical stapling appara-
tus, followed by a sustained release of hemostatic agent via
the dissolution of the remaining intact microbeads.

In embodiments, one or more different microbeads may be
incorporated into the surgical buttress. For example, the
microbeads may contain the same hemostatic agent and poly-
meric casing, but differ in size and shape thereby affecting the
compression force required to open/rupture the microbeads
and thus, the release of the hemostatic agent therefrom. As
such, relatively larger microbeads 40 may open/rupture prior
to relatively smaller microbeads 40 as a result of the com-
pressive forces acting thereon by the clamping/approxima-
tion of anvil jaw member 20 and staple cartridge jaw member

10

15

20

25

30

35

40

45

50

55

60

65

10

22. As another example, the microbeads may include difter-
ent hemostatic agents and/or concentrations thereof.

In addition to polymer selection as described above, the
rate of release of the hemostatic agent from the microbeads
and/or surgical buttress may be controlled by other means
within the purview of one skilled in the art. Some examples
include, but are not limited to, the depth of the hemostatic
agent from the surface of the surgical buttress or the thickness
of'the polymeric casing; the size of the hemostatic agent; the
hydrophilicity or lipophilicity of the hemostatic agent; the pH
and/or the ionization of the hemostatic agent/polymeric cas-
ing; and the strength of physical and physical-chemical inter-
action between the hemostatic agent/polymeric casing/surgi-
cal buttress. By properly controlling one or more of these
factors, the rate of release and any lag time prior to release of
a hemostatic agent from a buttress of the present disclosure
may be controlled.

While not specifically shown, upon full actuation of surgi-
cal stapling apparatus 10, a knife blade associated with sur-
gical stapling apparatus 10 and carried by driver 36 cuts tissue
“T”, as well as surgical buttress 24 between the rows of now
formed staples 50. Upon movement of anvil jaw member 20
to the open position spaced apart from staple cartridge jaw
member 22, surgical buttress 24 pulls away from anvil jaw
member 20 and staple cartridge 32 of staple cartridge jaw
member 22.

The resulting tissue “IT”, divided and stapled closed with
staples 50, is best illustrated in FIG. 7A. Specifically, surgical
buttress 24 is secured against tissue “1” by backspans 54 of
staples 50. The bloom of released hemostatic agent 46 from
the microbeads 40 after stapling is illustrated in FIG. 7B.
Thus, surgical buttress 24 is stapled to tissue “T” thereby
sealing and reinforcing the staple lines created by staples 50.

While compressive force is all that is required to break the
microbeads 40, additional or alternative mechanisms may be
employed, such as staple firing and puncturing of a surgical
buttress or breaking individual enlarged microbeads with
staples, examples of which are illustrated in FIGS. 8-11.

Turning now to FIG. 8, a multilayered surgical buttress 124
in accordance with an embodiment of the present disclosure
is illustrated. Surgical buttress 124 includes a first layer 124a
which may be porous or non-porous as described above, a
second layer 1245 including a hemostatic agent 146 covering
first layer 1244, and a third layer 124¢ of inert, non-porous
material covering second layer 1245.

In embodiments, the first layer 1244 is an oxidized cellu-
lose. Oxidized cellulose is capable of acting as a hemostatic
agent and absorbing fluids, such as blood. The second layer
1245 may be fabricated from polyethylene glycol and contain
a hemostatic agent 146 therein and/or thereon. The hemo-
static agent 146 may be contained within a microbead as
described above, or may be freely admixed or tethered
through chemical bonds with the polyethylene glycol form-
ing the second layer 1245. As the hemostatic agent 146 is
disposed within or on the second layer 1245, the hemostatic
agent 146 will activate by the application of fluid thereto as
polyethylene glycol is capable of absorbing fluids. The third
layer 124¢ may this be provided as a barrier protecting the
second layer 1245 against exposure to or contact with mois-
ture.

The multilayer surgical buttress 124 described herein may
be prepared by attaching the individual layers 124a, 1245,
and 124c¢ together to form a multiple layer surgical buttress.
The multilayer surgical buttress 124 may be formed or
assembled using any method known to those skilled in the art.
It is envisioned that the layers of the surgical buttress may be
adhered to one another using chemical bonding, surgical
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adhesives, surgical sealants, and surgical glues. In addition,
the layers may be bound together using mechanical means
such as stitchings, pins, rods, screws, clips, etc. Still further,
the layers may naturally, or through chemical or photoinitia-
tion, interact and crosslink or provide covalent bonding ther-
ebetween.

As seen in FI1G. 9, surgical buttress 124 of FIG. 8 is shown
disposed on both the anvil jaw member 20 and the staple
cartridge 32 of staple cartridge jaw member 22 of surgical
stapling apparatus 10. As illustrated, the surgical buttress 124
is disposed on anvil jaw member 20 and/or staple cartridge 34
of surgical cartridge jaw member 22 such that the third layer
124c¢ of inert material contacts tissue “1”” during actuation of
surgical stapling apparatus 10. The third layer 124¢ thus
prevents the release or activation of the hemostatic agent 146
from the second layer 1245 during introduction and manipu-
lation of the surgical stapling apparatus within the surgical
site. Once penetrated by staples 50, physiological fluids from
tissue “T” will be driven into the second layer 1245 by the
high clamping pressure between the anvil jaw member 20 and
staple cartridge jaw member 22, as well as by the perforations
created by staples 50. The physiological fluid will be
absorbed by and pass through the polyethylene glycol within
second layer 1245, thereby allowing for the migration of the
hemostatic agent 146 into tissue “T”.

Turning now to FIG. 10, another embodiment of a surgical
buttress 224 is illustrated positioned on both the anvil jaw
member 20 and the staple cartridge 34 of staple cartridge jaw
member 22 of surgical stapling apparatus 10. Surgical but-
tress 224 includes reservoirs of tissue sealants 241, hemostats
242, and/or other bioactive agents 243 disposed within a first
layer 224a of non-porous or porous material. In embodi-
ments, the sealant 241, hemostat 242, and other bioactive
agent 243 may be encapsulated by a polymeric casing to form
amicrobead. In other embodiments, the sealant 241, hemostat
242, and other bioactive agent 243 may be freely disposed
within pockets formed within the polymer of first layer 224a.
In yet other embodiments, combinations of encapsulated and
free sealant, hemostats, and bioactive agents may be uni-
formly or randomly distributed through first layer 224aq.

As illustrated in the present embodiment, a first layer 224a
is protected by second and third non-porous layers 2245 and
224c. It is envisioned that first layer 224a may include a
non-porous third layer 224c¢ on just a tissue facing surface of
the surgical buttress 224 as described above. Alternatively, in
embodiments in which first layer 2244 is non-porous, surgical
buttress 224 may not contain a separate non-porous layer.

Inuse, upon actuation of surgical stapling apparatus 10, the
legs 56 and 58 of staples 50 will pierce first layer 224a of
surgical buttress 224 thereby releasing the sealant 241, hemo-
stat 242, and/or other bioactive agents 243 around the perfo-
rations created by the penetrating tips 60 and 62 of staples 50
and through first layer 224a thereby providing contact with
the tissue “T™.

In embodiments, at least one bioactive agent may be com-
bined with the surgical buttress and/or any of the individual
components (a porous layer, a non-porous layer, a hemostatic
agent, polymeric casing of a microbead, etc.) used to con-
struct the surgical buttress. In these embodiments, the surgi-
cal buttress can also serve as a vehicle for delivery of the
bioactive agent. The term “bioactive agent”, as used herein, is
used in its broadest sense and includes any substance or
mixture of substances that have clinical use. Consequently,
bioactive agents may or may not have pharmacological activ-
ity per se, e.g., a dye, or fragrance. Alternatively a bioactive
agent could be any agent which provides a therapeutic or
prophylactic effect, a compound that affects or participates in
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tissue growth, cell growth, cell differentiation, an anti-adhe-
sive compound, a compound that may be able to invoke a
biological action such as an immune response, or could play
any other role in one or more biological processes. It is
envisioned that the bioactive agent may be applied to the
surgical buttress in any suitable form of matter, e.g., films,
powders, liquids, gels and the like.

Examples of classes of bioactive agents which may be
utilized in accordance with the present disclosure include
anti-adhesives, antimicrobials, analgesics, antipyretics, anes-
thetics, antiepileptics, antihistamines, anti-inflammatories,
cardiovascular drugs, diagnostic agents, sympathomimetics,
cholinomimetics, antimuscarinics, antispasmodics, hor-
mones, growth factors, muscle relaxants, adrenergic neuron
blockers, antineoplastics, immunogenic agents, immunosup-
pressants, gastrointestinal drugs, diuretics, steroids, lipids,
lipopolysaccharides, polysaccharides, and enzymes. It is also
intended that combinations of bioactive agents may be used.

Other bioactive agents which may be included as a bioac-
tive agent in the surgical buttress of the present disclosure
include: local anesthetics; non-steroidal antifertility agents;
parasympathomimetic agents; psychotherapeutic agents;
tranquilizers; decongestants; sedative hypnotics; steroids;
sulfonamides; sympathomimetic agents; vaccines; vitamins;
antimalarials; anti-migraine agents; anti-parkinson agents
such as [.-dopa; anti-spasmodics; anticholinergic agents (e.g.
oxybutynin); antitussives; bronchodilators; cardiovascular
agents such as coronary vasodilators and nitroglycerin; alka-
loids; analgesics; narcotics such as codeine, dihydroco-
deinone, meperidine, morphine and the like; non-narcotics
such as salicylates, aspirin, acetaminophen, d-propoxyphene
and the like; opioid receptor antagonists, such as naltrexone
and naloxone; anti-cancer agents; anti-convulsants; anti-
emetics; antihistamines; anti-inflammatory agents such as
hormonal agents, hydrocortisone, prednisolone, prednisone,
non-hormonal agents, allopurinol, indomethacin, phenylb-
utazone and the like; prostaglandins and cytotoxic drugs;
estrogens; antibacterials; antibiotics; anti-fungals; anti-vi-
rals; anticoagulants; anticonvulsants; antidepressants; anti-
histamines; and immunological agents.

Other examples of suitable bioactive agents which may be
included include viruses and cells, peptides, polypeptides and
proteins, analogs, muteins, and active fragments thereof, such
as immunoglobulins, antibodies, cytokines (e.g. lymphok-
ines, monokines, chemokines), blood clotting factors,
hemopoietic factors, interleukins (IL-2, 1L-3, IL-4, IL-6),
interferons (fB-IFN, (a-IFN and v-IFN), erythropoietin,
nucleases, tumor necrosis factor, colony stimulating factors
(e.g., GCSF, GM-CSF, MCSF), insulin, anti-tumor agents
and tumor suppressors, blood proteins, gonadotropins (e.g.,
FSH, LH, CG, etc.), hormones and hormone analogs (e.g.,
growth hormone), vaccines (e.g., tumoral, bacterial and viral
antigens); somatostatin; antigens; blood coagulation factors;
growth factors (e.g., nerve growth factor, insulin-like growth
factor); protein inhibitors, protein antagonists, and protein
agonists; nucleic acids, such as antisense molecules, DNA
and RNA; oligonucleotides; polynucleotides; and ribozymes.

In embodiments, a reinforcement member may be posi-
tioned within or over the surgical buttress. In embodiments
utilizing a multilayered surgical buttress, one or more rein-
forcement members may be positioned between, within, or at
an external surface of a layer of the surgical buttress as are
disclosed, for example, in U.S. Patent Application Publica-
tion No. 2009/0001122 filed Jun. 27, 2007, entitled “Buttress
and Surgical Stapling Apparatus,” the entire disclosure of
which is incorporated by reference above.
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Persons skilled in the art will understand that the devices
and methods specifically described herein and illustrated in
the accompanying figures are non-limiting exemplary
embodiments, and that the description, disclosure, and fig-
ures should be construed merely exemplary of particular
embodiments. It is to be understood, therefore, that the
present disclosure is not limited to the precise embodiments
described, and that various other changes and modifications
may be effected by one skilled in the art without departing
from the scope or spirit of the disclosure. Additionally, it is
envisioned that the elements and features illustrated or
described in connection with one exemplary embodiment
may be combined with the elements and features of another
exemplary embodiment without departing from the scope of
the present disclosure, and that such modifications and varia-
tions are also intended to be included within the scope of the
present disclosure. Accordingly, the subject matter of the
present disclosure is not to be limited by what has been
particularly shown and described, except as indicated by the
appended claims.

What is claimed is:

1. A surgical stapling apparatus, comprising:

a jaw assembly including a pair of jaw members; and

a surgical buttress positioned adjacent a tissue contacting

surface of at least one of the pair of jaw members, the
surgical buttress comprising a plurality of microbeads
each having a polymeric casing defining a core contain-
ing a hemostatic agent therewithin, at least a portion of
the plurality of microbeads being configured to rupture
and release the hemostatic agent therefrom upon actua-
tion of the surgical stapling apparatus to approximate the
pair of jaw members and exert a pressure on the surgical
buttress, the microbeads having a predetermined ruptur-
ing force.

2. The surgical stapling apparatus of claim 1, wherein the
polymeric casing is fabricated from a bioabsorbable material.

3. The surgical stapling apparatus of claim 2, wherein the
polymeric casing of a remaining portion of the plurality of
microbeads are configured to degrade and release the hemo-
static agent over time.

4. The surgical stapling apparatus of claim 1, wherein the
microbeads are about 0.01 mm to about 3.0 mm in diameter.

5. The surgical stapling apparatus of claim 1, wherein the
microbeads are less than about 1.0 mm in diameter.

6. The surgical stapling apparatus of claim 1, wherein the
microbeads are configured in a shape selected from the group
consisting of spherical, ellipsoid, elongated ellipsoid, cap-
sule, and combinations thereof.

7. The surgical stapling apparatus of claim 1, wherein the
hemostatic agent is disposed within the plurality of micro-
beads of the surgical buttress in a non-solid state.

8. The surgical stapling apparatus of claim 1, wherein the
microbeads containing the hemostatic agent is freely
admixed with a polymer forming the surgical buttress.

9. The surgical stapling apparatus of claim 1, wherein the
surgical buttress further comprises a sealant, the surgical but-
tress being configured to release the sealant therefrom upon
actuation of the surgical stapling apparatus to approximate
the pair of jaw members and exert a pressure on the surgical
buttress.

10. The surgical stapling apparatus of claim 1, wherein the
surgical buttress further comprises a bioactive agent, the sur-
gical buttress being configured to release the bioactive agent
upon actuation of the surgical stapling apparatus to approxi-
mate the pair of jaw members and exert a pressure on the
surgical buttress.
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11. The surgical stapling apparatus of claim 1, wherein the
surgical buttress includes a first layer containing the plurality
of microbeads containing the hemostatic agent and a second
layer of non-porous material positioned adjacent to the first
layer.

12. The surgical stapling apparatus of claim 11, wherein
the surgical buttress further comprises a third layer of porous
or non-porous material positioned adjacent to the first layer.

13. A surgical stapling apparatus, comprising:

a jaw assembly including a staple forming anvil jaw mem-
ber and a staple cartridge jaw member;

a trigger for actuating the jaw assembly between an open
position where the anvil jaw member and the staple
cartridge jaw member are spaced apart from one another
and a closed position where the anvil jaw member and
the staple cartridge jaw member are substantially adja-
cent to one another and for applying at least one row of
staples to tissue when the jaw assembly is in the closed
position; and

a surgical buttress positioned adjacent a tissue contacting
surface of at least one of the anvil jaw assembly or the
staple cartridge jaw assembly, the surgical buttress con-
taining a plurality of microbeads each having a bioab-
sorbable polymeric casing defining a core containing a
hemostatic agent therewithin, at least a portion of the
plurality of microbeads being configured to rupture and
release the hemostatic agent subsequent to actuation of
the trigger and approximation of the jaw assembly to the
closed position, and the polymeric casing of a remaining
portion of the microbeads being configured to degrade
and release the hemostatic agent over time, the poly-
meric casing having a predetermined rupturing force.

14. The surgical stapling apparatus of claim 13, wherein
when the jaw assembly is disposed in the closed position
about 10% to about 95% of the hemostatic agent is released.

15. The surgical stapling apparatus of claim 13, wherein
when the jaw assembly is disposed in the closed position
about 70% to about 90% of the hemostatic agent is released.

16. The surgical stapling apparatus of claim 13, wherein
the hemostatic agent is released in response to a compressive
force of the jaw assembly against tissue positioned between
the anvil jaw member and the staple cartridge jaw member.

17. The surgical stapling apparatus of claim 13, wherein
the hemostatic agent is released upon passage of a staple from
a staple cartridge loaded in the staple cartridge jaw member
through the surgical buttress.

18. A staple cartridge, comprising:

a staple cartridge containing a plurality of staples for use in

a surgical stapling apparatus; and

a surgical buttress disposed on a tissue contacting surface
of the staple cartridge and being releasably affixed to the
staple cartridge, the surgical buttress comprising a layer
of polymeric material including a plurality of micro-
beads each having a polymeric casing defining a core
containing a hemostatic agent therewithin, at least a
portion of the plurality of beads being configured to
rupture and release the hemostatic agent therefrom upon
application of pressure thereto, the microbeads having a
predetermined rupturing force.

19. The staple cartridge of claim 18, wherein the micro-

beads are disposed within the layer of polymeric material.

20. The staple cartridge of claim 18, wherein the micro-
beads are disposed on a surface of the layer of polymeric
material.
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21. The staple cartridge of claim 18, wherein the surgical
buttress further comprises a second layer of polymeric mate-
rial adjacent the layer of polymeric material including the
hemostatic agent.
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